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SUMMARY OF THE INVENTION 



Briefly stated, this invention provides a novel 
comparison of molecules between two samples on 
method allows competitive bindings of two samples 
comparison possible. In addition, improved methods 
highest sensitivity of all available detection methods. 



means of detection or quantitative 
arrays of binding agents. The novel 
o a the same array making quantitative 
ises radioactive labeling offers the 



The present invention discloses a method of analysis comprising the steps of: (1) 
labeling at least one sample of test molecules, with a \inique labeling agent; (2) mixing the 
labeled and unlabeled sampjles of test molecules into i homogenous mixture; (3) applying 
the mixture to an array of binding agents; (4) washing away any un-reacted or unbound test 
molecules from the surface of the array; and (5) analysing the surface for any indication of 
reaction between resident Molecules and test molecules. 

A variation of the invention discloses a metho i of using one readily detectable label 
(of any kind of labeling ag<fnt or distinguishable characteristic of a molecule) as a standard to 
perform the analysis. The ckher sample to be multiplexed with may contain a dummy label 



or no label for the purpose {>f making similar molecul 

j 

way. For example, naturally occuning carbon- 12 wo 



5S in both samples behave the same 
lid be considered a dummy label for 



radioactive carbon-14. Th<j method of analysis composes the steps of: (1) mixing quantities 
of a standard with two different quantities of samples to produce mixtures having two or 
more different proportions; (2) applying the different mixtures to identical arrays; (3) 
washing away unbound mqlecules; (4) reading the signal from each array; and (5) calculating 
the amount of various molecules present in the tested sample relative to the amount in the 
standard sample using the signal variation between vicious mixtures. 



A major advancement 
is the use of radioactive 
radioactive labeling does 
result in significant physical 



isojtopes, 



not 



in labeling and 

Unlike other 
require putting large 
and chemical changes in 



tags 



Substitute shee: 8 



detecticjn of multiple samples in this invention 
labeling and bioconjugation techniques, 

onto biological molecules that often 
the properties of the biological 
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arrayed 



The antibodies and binding agents can be 
microarray slides manufactured by Perkin Elmer. The 



materials or activated surfoc 
particular use is the method 



e chemistry to bind ot 
used by Khrapko, et al 



oligonucleotides, which cad be modified for protein coupling 
WA, USA) slides. 



on a microarray slides similar to the 
slides are coated with adsorbance 
covjalently link to binding agents. Of 
for immobilization of 
;> or Versalinx (Prolinx, Bothcll, 



(1<'96): 



■ 

Alternatively, one ckn also couple the antibody 
that has been modified to irjclude SH groups. The 
salicylhroxamic acid. The pjhage can be easily 
complex between the pehylboronic acid and salicylhojrxamic 
the antibody on the glass sljde. Alternatively, the slides 
positive charge to the slideS, which are commercially 
be arrayed directly on thesej slides using an automatec 



through its SH groups to acrylamide 
Veifealinx slides are prc-modified with 
modified with phenyl boronic acid and a 

acid is formed to immobilize 
are coated with resins that impart a 
available. The phage or the bacteria can 
slide spotter. 



Yet another way to Immobilize the antibody is 
Histidine moieties contiguously with the amino terminal 
antibody or the Fab fragment Stomolysin or similar 
end of the antibody-Histidifie tag fusion protein for 
the antibody or Fab fragmeht will carry the Histidine 
utilized to bind the antibody or Fab to slides which h£ 
surfaces. Published procedures for immobilizing nickjsl 
available. 



The array should ncyw constitute a substrate 
molecules derived from th<i positive and negative sanji; 
molecules. The array may 



labels associated with the rjositive and negative samp 



Eventually, the array 
may be disposed, depending 



may be stripped of the 
; on the particular needs 



to engineer the cDNA that codes for 6~ 
or the carboxyl terminal of the 
f rotease sites are engineered on either 
excision of the antibody such that 
tag. The Histidine residues can be 

nickel immobilized on their 
si to glass slides or other supports are 



ezsy 



along 1 



with the resident molecules and any 
iples that have reacted with the resident 
now be observed for the presence of the different and unique 

es ? respectively. 



hbmogenate mixture and used again or 
c|f the analyst. 
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DESCRlPtlON OF THE PREFERRED EMBODIMENTS 

With reference to Fib. 1, a first preferred embodiment of the invention demonstrates 
how differences in level of abundance of many molecules from two samples can be analyzed 
and compared when one is labeled. The preferred labeling method uses neutron 
bombardment to add neutrojns to existing atoms in tes molecules within the samples. The 
additional neutrons make ttje molecules heavier or ev< n radioactive. Alternatively, the labels 
especially radioactive isotopes can be incorporated as natural parts of the molecules in the 
case of live cells actively synthesizing the molecules of interest. Natural incorporation can 
also be done by replacement of existing atoms with radioactive isotopes such as replacing 
hydrogen with tritium by dfcsaturation and resaturatioji or by proton exchange in tritiated 
water. Once labeling is completed, the samples are mixed to homogeneity and applied to 
arrays for analysis. The binding agents on these ana) s bind to and profile different types of 
molecules at distinct locations on the arrays. The radi ation from these locations is detected 
and quantified. When a labeled sample is mixed with unlabeled sample at different 
proportions and then applieid to identical arrays the resulting amount of radiation signal can 
be used to interpret the relative amount of similar mo ecules in unlabeled sample relative to 
those in labeled sample. Id addition, when captured nolecules are required to be identified 
by mass spectrometry, the Origin of molecules from either sample can also be differentiated 
by their slight difference in mass. Importantly, the method described provides a way to 
simultaneously compare tbb relative abundance of msny molecules between two samples and 
to discover differentially abundant molecules betweeh two samples. 



A second preferred 
bioconjngation or covalent modification of molecules 
of interest. One sample cah be tagged with a 
standard. The standard is tjhen mixed with sample to (be 
different proportions and then applied to two identical 
are read and used to calcul&te the ratio of unlabeled 



spot. Because tagged molecules may behave 
the tagged molecules need£ to be validaied before 



Substitute sheet 



embodiment uses other labeling methods including 

to add label or tags onto the molecule 
distinguishable label, tested, and then uses as 
tested (unknown) at two or more 
arrays. The signals from both arrays 
. labeled molecules for every particular 
differently compared to untagged molecules; 
the y can be used as standard. This can be 



vs. 



15 
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done using similar experimental scheme as described itx the first preferred embodiment where 
neutron bombarded sample fvill be compared against tigged sample. Both of these samples 
are of the same origin for thk purpose of validating that the bindings of certain molecules 
have not been affected. Alternatively, tagged and untagged samples originated from the 
same pool can be used for vjalidation. For instance, eq ual amount of tagged and untagged 
samples mixed together sru^uld yield half as much signal for all spots on an array compared 
to just tagged sample alone on an identical array if tagged sample alone can saturate all spots 
on the array. 



While the preferred ilabels 
constraint to just radioactive 
biotin to be detected with s 
phosphatase to generate an 
molecules can be labeled 
molecules in such a way 
for the particular assays (as 
process does not have to be 
validated commercially in 
standard is labeled with 
radioactive labeled 



wjith 
thiit 



i noil 



I molecules 



A third preferred embodiment covers the use 
agents on an array. These molecules are spotted on 
comparing across similar a Tays, For isotope labeling 
spotted on the array acting pot only as a standard 
for calculating screening o; 
amount of biotin is spotted 
two or more arrays. 



for this embodimen 
isotopes. The molecules 
irepavidin or avidin couple 
enzymatic reaction with 
big fluorophors if the 
it won't interfere with 
determined later on by va 
done during the time o: 
advance to meet certain 
rradioactive tags, then it 
as a standard. 



; are radioactive isotopes, it is not 
can be labeled with small tags, such as 
to horse radish peroxidase or alkaline 
detectable end points. Additionally, the 
d ye can be incorporated into these 
tl|e essential properties of the molecules 
idation assay). Because the labeling 
f analysis, the reagent can be prepared and 
standards. If the reagent used as a 
c an be tested and validated first using 



for 



across 



A fourth preferred 
samples without altering 



a particular type of isotojje 
onto each array to enable 



embodiment comprises 
their chemical structures or 
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<|>f other molecules besides binding 
the purpose of standardizing and 
, same amounts of various isotopes are 
arrays but also as a calibration tool 
. For biotinylation labeling, a fixed 
comparison and normalization between 



alternative methods to label biological 
property. Biological samples, such as 
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those from humans, can not ibe. readily labeled with rat ioactive 



incorporation because such 
Nonetheless, labeled hiunajc 



biomarkers in disease condition ox drug treatments in 
this method incorporates neutron activation - the same 



abeling would require ingestion 
biological samples are 



sanple 



heavy and radioactive isotopes. Letting biological 
from source such as nucleai) reactors or other neutron 
radioactive over time. Briefly, samples contain stable 
sulfur-32, phosphoms-31, and few other less abundan 
neutrons and become radioActive isotopes such as 
32 or Phosphorus-33 as a result of neutron bombardment 
are also formed as a result Q f neutron bombardment 
can code these samples to t}e differentiated from 



isotopes by metabolic 
of radioactive materials, 
required to enable discoveries of 
wman. To overcome the obstacle, 
method used to make most artificially 

es be bombarded with neutrons 
generating device can turn the samples 
isotopes such as hydrogen, carbon- 12, 
trace elements that can gain additional 
tntilum, Carbon- 14, Sulfur-35, Phosphorus- 
In addition other stable isotopes 
sotopes such as 2 H, 13 C, 15 N, and 18 0 
isotopes by mass spectrometry. 



l regu ar 



The above descriptions provide methodologies 
particular analysis may apply. Accordingly, the 



A cell line is used to study the effect of a drug 
throughput screenings for tjiew drugs. Cells are grow 1 
flasks at the beginning before separating into different 
known drug (with known therapeutic efficacy) 
H C-Cy stein and Methionir 
of solvents used to deliver 



enhance the users understanding of the invention but 
particular application of th4 method described above. 

EXAMPLES 



Example 1: High-throughflut drug screening assay development 



and also to develop new high- 
in identical ways in various culture 
groups. One group is treated with a 
while (the cell are metabolically labeled with 
H C-Cystein and Methionink Another group is treated with vehicle control (the same amount 

the drug) while the cells are metabolically labeled with 3 H-Cystein 
poten ial compounds while being labeled with 
H labeled cells are mixed together and 



and Methionine. Other groups are treated with 
35 S-Cystein and Methionine Samples from 14 C and 
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for which a broad spectrum of 
following examples are provided to further 
: n no way axe intended to limit the 
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apply to protein arrays to 
samples compete for binding 
particular protein is present 
specific binding agent in the; 
stringency buffers to retain 



for changes in protein 
to binding agents on the 
in one sample, then more 
exact proportion. The 
only certain bindings and 



Detection: Tritium emits weak beta radiation 
a thin layer of saran wrap. Carbon- 14 and sulfur-35 



total signal, then reading thfc signal with a tritium sere 
period of time before reading again. If the storage 



expression. The proteins from both 
irray. As a result, if more of a 
of that protein would also bind to its 
an ay is then washed with different 
then read for radioactivity. 



emit 



Using 



screened 



approximately 50% pass though the saran wrap, 
signal from the array and thjen reading the signal 
wrap will enable one skillec , in the art to calculate ho\|r 
how much belongs to ,4 C a^id 35 S, In addition, radiati m 
quantified with all three isotopes mixed together. Thi 



lhat more than 95% can be blocked by 
stronger radiation that 
this principle, reading all of the 
by a thin film such as the saran 
much signal belongs to tritium and 

from individual isotopes can also be 
is accomplished by first reading the 
;n. The array may be stored for a 
is 87.4 days (one half-life of 35 S), 



period 



the arrays that are destined 
radioactive isotopes on thetjn to enable better 
to one skilled in tHe art, ultimately can perform all 
the combined signals between different isotopes. 



After reading signals from each isotope, these 

! 

respective increase or decrease in the different proteins 
treatments are pinpointed. jSpots on the array that she 

biomarkcrs for further dru^ discovery. Together 

i 

would look for in test compounds. In addition, the 



, the^e 



the binding agent at that spot is known to capture a 
antibody can be used to capture a large amount of that 



30 immunoprecipitation, and then identify the captured prote 
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then when it is read again, tjhe reduction in total signaj is equal to half the signal from S 
Simple mathematical calculations will quantify the 



siAnal from ,4 C and tritium. In addition, 
for these types of experiments may contain spots of these 

calibration. Specialized software, also known 
of |the calculations necessary to separate 



signals are compared, for their 
' expressions, and new drug 
w significant changes are used as 
spots form a '^profiling map" that one 
pi]otein from any spot can be identified if 
Ic protein. If not, then the same 
particular protein by methods such as 
in using mass spectrometry. 



specific 
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shotw 



Using the profiling 
tested. Compounds that 
therapeutic effect- 
treatments can provide i 
targets there are. All of this 
screening of new drugs 



map", one can look for si 
enough similarity can 
In addition, knowing the biomarkei|s 
insights into how a 

knowledge can lead to 



sidiilar changes in compounds being 
further studied for their comparable 
that change as a result of drug 
particular d[\ig works or what possible drug- 
ways in the development and 



belter 1 



Example 2: Quantitative comparison by array analyst using only one labeled sample 



Whenever it is not possible to label both sampl 
only one sample needed to lie labeled for used with sli 
procedure. A known amouiit of labeled sample is first 
minimum amount needed to saturate every spot on the 
when further increasing in tlie amount of sample used 
read at any dots on these an ays. This amount is used \o 
reading from other arrays, then the assays are perfonoted 
amount of labeled sample and unlabeled sample togetb 
array. The signals read on tjbds array will be compared 
quantitative analysis. Some! spots on the arrays are 
The signal reduction on thete spots will be used as 
instance, if the mixture is e?{actly equal amount of pro 
samples then the reference signal read should be reducjed 
with signals reduced by mote than half (or the percentage 



25 housekeeping proteins) hav^ more unlabeled antigen t lan 



This method is 
labeled and used as compar 
labeling technique using 
the sample radioactive. Pre 
labeling process does not 



especially useful for clinical samples 
son standard. It is also 
neutron bombardment to random 
labeling also allows time 

qualities of moleculds being 



change 1 



ss with different radioactive isotopes, 
ght modification to the above 
used to determine a necessary 
array of interest. This is achieved 
won't increase the amount of signal 
establish a reference to compare 
by mixing approximately equal 
er for competitive binding on the same 
against reference signals for 
to capture housekeeping proteins, 
standards for comparison. For 
l eins between labeled and unlabeled 
by half As a result, any other spots 
reduction observed with 
labeled antigens and vice versa. 



used 



reference \ 



when one sample can be pre- 
in combination with our novel 
ly making various isotopes within 
~or validation to ensure that the 
labeled and making them 
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unsuitable for competitive btading with unlabeled molecules to a binding agent in an array of 
interest. j 

! 
! 

5 Example 3: Ultra-sensitive detection of antigen 

: 
i 
! 
i 

B. anthracis is growljh in medium with radioactive precursors and induced to make 
antigens normally present «i human infection such as protective antigens, lethal factors, 
edema factors. The specific! radioactive proteins are purified to be used as standards. 
10 Antibodies are also made against these antigens to use in diagnosing early anthrax exposure. 
Antibodies are immobilized! on beads or array for the purpose of the assays. 

The amount of standjard used will always contain more antigens than available 
antibodies on the array. This this standard alone or in combination with other sample will 

15 always saturate the binding Capacity of the array. The Eradiation signal is read when the 

standard is used alone and as a mixture with healthy samples. Both of these readings should 
be approximately the same io make reliable diagnosis.- The mixtures of standard and samples 
from anthrax exposed animils are used to determine if there are any changes in radiation 
reading. A significant change in the radiation reading means positive detection of the same 

20 antigens used in the standard that are captured by antibodies on the array. Different mixtures 
with samples taken at different stages of exposure will determine how early the assay can be 
used to detect anthrax exposure. 

25 Example 4: Different ial prciteomic s for clinical diagnostic application 

i 

Normal human clinital samples are taken and frozen for preservation. These samples 
are then bombarded with neutrons for neutron activation. When the samples have become 
sufficiently radioactive, they can be used as standards to look for changes in other samples by 
30 using the steps below as a guide: 
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1. Use a fixed amount 6f standard on the array to obtain standard only signal. The 
amount used must bl sufficient to saturate every spot on the array. This is determined 

i 

when increasing the amount used won't increase the signal read any further. 

2. Mix the fixed amouift of standard with approximately the same amount of sample to 
5 be tested. Determines the percentage of signal reduction at spots that capture 

housekeeping proteins such as p actiiL 

3 . Use the percentage cff signal reduction in other spots to determine the relative amount 

i 

of proteins between bamples and standard. Housekeeping proteins represent equal 
amount between sample and standard. If signal reduction percentage is higher al a 
1 0 spot (compared to percentage reduction of housekeeping proteins) then more proteins 

from sample than standard is present at that spot (and vice-versa). Therefore that 
particular protein is jnore abundance in the sample compared to the standard. 

4. An additional mixture can be used with slightly different mixing ratio if necessary to 

increase the reliability of the analysis. Such additional steps would be required when 

I 

1 5 validating the assay .| If using 1 : 1 of standard : ^sample mixing ratio resulting in 50% 

signal reduction, thejti 1:2 mixture would result in -66.7% signal reduction and so on. 

i 
» 

Using samples fromj normal/healthy donors bombarded with neutrons to make 
standards, one can look for Changes of biomarkers in diseased or drug-treated patients. These 
20 biomarkers can later be use& to diagnose the diseases or test drugs' efficacies such as 
screening for new potential jdrugs with similar therapeutic efficacies. 

j 

In addition to makitjg the sample radioactive by neutron bombardment, other known 
. methods such as tritiated wjiter exchange can also be used. Briefly the molecules to be 
25 labeled are dialyzed in tritiated water at high pH where ionizable protons are exchanged with 
3 H protons from water. Thin when the pH is lowered to slow down or stop such exchange 

when these labeled molecuijes are used for an experiment. This tritiated water exchange 

i > 

method has been well-kno^n and frequently practiced by those skilled-in-the art as a means 
for labeling biological molecules with tritium. 



Example S: Differential prfrteomics without radioactive labeling 
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Similar to example 4 this method uses non-radioactively labeled sample such as 
biotin labeled sample as standard. Because such labeling necessitate the addition or chemical 
modification of existing milecules, the standard needs to be validated to make sure that such 
modification is compatible jwith the array used. For such validation, competitive binding 
with the same sample without any label is done where unlabeled portion of a sample should 
compete equally with labeled portion of the same sample. Clinical samples are tagged with 
biotin or other non-radioactive labels so that they can be readily detectable and quantifiable. 
The tagged samples are use)d to compete with the identical samples that have been neutron 
activated. Any spots with consistent signal reduction indicated thai the biotin tags have not 
interfered with protein binding to those spots. Those axe the spots that can be used with the 
biotin tagged standards. Once validated, an array containing only good working spots plus 
some spots with fixed amoint of immobilized biotin (or other labels) can be used for 
quantitative analysis. Additionally, when performing multiplexing with neutron activated 
samples, non-radioactive labels are quantified to establish references. 



Example 6: DNA array method 



Cells are grown in 3 *P or 33 P phosphates while undergoing different treatments. Any 
resulting difference in RNAj expression as a result of these treatments is then examined. 
After labeling, the cell's are collected and approximately equal amounts from 32 P and 33 P 

i 

labeling are mixed together jfor comparative analysis. RNA is extracted, and DNA is 
digested away using RNasejjfree DNase. The RNA is then bound to a DNA array for 
profiling and comparison, the resulting individual signal from 32 P vs. 33 P can then be 
calculated by selective screening or by pre-decay and post-decay comparison. Briefly, 
detecting total signal and pajrtial signal blocked by an X-ray film to quantify signal from each 
isotope based on the different percentage of radiation from each isotope passing through the 
film. By decaying for a period of time and match the decaying amount to the right ratio 
mixture of isotopes to quantify the amount of each isotope. This type of labeling and 
detection allows much higher degree of sensitivity thus only very small amount of samples 



I 
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arc required for the analysis Furthermore, the improved sensitivity also enables detection of 
extremely low abundance PNA without further amplification. 

Similar to example % one can also used one set of labeled RNA to make quantitative 
comparison of multiple unique RNA molecules with an unlabeled sample. Such 
methodologies are useful especially when labeled RNA from normal cells or tissue can be 
conveniently obtained through commercial sources for comparative analysis with treated 
cells. For instance, a commercial source can supply labeled reference standards of proteins, 
RNA and other biomolecules of interest from cells or tissues in their normal healthy states. 
Hie investigators can use tljese labeled standards for multiplexing analysis with their 
diseased or drug-treated sax iples to look for any resulting changes. When the changes are 
known to be associated with a disease or drug treatment, then the method can be used for 
rapid disease diagnosis or Mgh-throughput drug screening. 



Example 7: Point-of-care rjipid medical diagnostic system 



20 



25 



30 



Incorporating methods described in previous examples, patient samples can be 
compared with healthy samjples preferably from the same patient taken when healthy to make 
reliable diagnosis. Blood pfasma samples from a patient are taken during routine checkup 

i 

when the patient is healthy.! This sample is labeled preferably with long-live radioactive 
isotopes such as 3 H or ,4 C qr non-radioactive tags such as biotin or fluorescent dyes. Labeled 
samples and unlabeled samples from the same pool are validated on diagnostic arrays to 

i 

ensure that the labeling procedures do not affect competitive binding to these arrays. The 

I 

validation procedure also pjovides useful reference information such as signal read for 

saturated array and half-satixated array. These labeled samples can be store frozen in 

s 

aliquots for future use. | 



To make diagnostic Itesting, 
with his labeled samples antf 
competitive binding are theh 



blood plasma sample from the patient is taken, mixed 
profiled on the same antibody array. Signals read from this 
compared with reference signals read during validation 
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| 

procedure. The results shojuld yield knowledge of any increase or decrease in a particular 
antigen abundance. Such ijiformation is matched to known diseased- associated changes to 
provide a diagnosis. 



Example 8: Comparing DNA methvlation 



DNA methylation i3 
when concerning diseases, 
imprinting. Determine the 
methylated can facilitate 



well known as a distinguishing DNA characteristic, particularly 
mch as cancers or other regulatory mechanisms such as genetic 
extent of DNA methylation and which genes have been 
diagnosis and subtyping of cancers. 



the 



For DNA methylation analysis, cells samples are collected from patients to be used 
for comparison with a noraqal or healthy donor's sample. DNA is extracted, and then 
methylated with either tritii|m or I4 C labeled methyl donor compounds such as S-^methyl- 
^Cl-Adenosyl-L-Methioni^e^ or S-[methyl- 3 H]-Adenosyl-L-Methionine. Then equal 
amount of DNA from both jfionnal control and patient* s sample are mixed together for 
restriction enzyme digestioA, The digested fragments are applied to DNA arrays and the 

detected and quantified. 



signal from tritium and ,4 C 



The logic here is that any methylation site on the DNA that has already been 
methylated won't be methy] ated again with radioactively labeled methyl groups. As a result, 
the more DNA has been methylated, the fewer labels it will acquire in the labeling process. 

In addition, multiplexing patient DNA against normal donor DNA or his own DNA 
collected previously allows identification of genes that are abnormally methylated. These 
genes can be used as biomai kers to diagnose or better understand the disease in the future. 
When the methylations of sich genes arc well characterized, it will be possible to only use 
the patient's samples alone, along with the patient's history, on a DNA array to determine the 
methylation of any particular gene. These genes are of special interest in contributing to the 
disease and may be used to Revise diagnoses or treatments 
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One type oflabel 
methylation pattern. Patieik 
subject to methylation witty isotope 
methylation sites and degr< 
efficiency. After methylation, 
resulting DNA fragments 
DNA to saturate all spots 
exogenous DNA is captured 
arrays. Patterns of signals 
signals in another array analysis 



also be used to determine if there are any changes in DNA 
DNA is mixed with fixed amount of exogenous DNA before 

donors. Exogenous DNA has known amount of 
of methylation thus is used to control for methylation reaction 
the DNA mixture is digested by restriction enzymes and the 
profiled on a DNA array. There should be sufficient quantity of 
the array for the analysis to work. The signals from spots where 
are used as reference standard to make comparison between 
recorded from one array analysis can be used to compare to 
to look for aberrations. 



on 



Importantly, while 
perform the experiment, 
labels to modify DNA and 



(his example describes using a radioactive methyl group to 
th^se skilled in the art can also use variation with non-radioactive 
Derform the study. 



The examples hereii should not be interpreted as an exhaustive or comprehensive list 
of the possible applications! of present invention. The present invention is a method for 

20 combining labeled and unlabeled molecules, exposing them to an array, and finally observing 
and quantifying the amount} of labels to interpret relative abundance of molecules between 
samples. Analysis and observations may be automated to such an extent that clinical 
diagnosis is entirely instrumental and automated. In fact, form sample collection, mixing, 
array application, and analysis may be completely automated and not require any manual 

25 handling or processing. 



Having disclosed my invention in such terms as to enable those skilled in the art to 
understand and practice it, *pd having identified the presently preferred embodiments 
30 thereof, I CLAIM: 
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